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JP7013789A 
Abstract 

Problem To Be Solved: To provide an automatic and prompt method to recover from a 
small step-out event. 

Solution: A ***memory*** ***management*** system for a ***f a ult*** 
***tolerant*** computer system includes a first recording mechanism 25 capable of 
recording the ***memory*** updating (writing) event, a second recording mechanism 26 
provided with capacity to record the ***memory*** updating event, a fault input for a 
fault signal to activate the first recording mechanism in the case of the fault (step-out) 
event and a ***memory*** reintegration mechanism 27 at least to reintegrate the 
***memory*** of the part which discriminated by the first and the second recording 
mechanisms. Since only comparatively small number of locations are corrected in both 
***memory*** systems of processing sets of step-out and in operation, recovery from the 
small stepOout between the processing sets in a system of lock-step method is promptly 
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and effectively achieved by copying a ***memory*** page discriminated by the first and 
the second recording mechanisms from the processing set in operation to the step-out 
processing set. 

JP2202637A 
Abstract 

A computer system in a fault-tolerant configuration employs three identical CPUs 
executing the same instruction stream, with two identical, self-checking memory modules 
storing duplicates of the same data. Memory references by the three CPUs are made by 
three separate busses connected to three separate ports of each of the two memory 
modules. The three CPUs are loosely synchronized, as by detecting events such as 
memory references and stalling any CPU ahead of others until all executed the function 
simultaneously; interrupts can be synchronized by ensuring that all three CPUs 
implement the interrupt at the same point in their instruction stream. Memory references 
via the separate CPU-to-memory busses are voted at the three separate ports of each of 
the memory modules. I/O functions are implemented using two identical I/O busses, each 
of which is separately coupled to only one of the memory modules. A number of I/O 
processors are coupled to both I/O busses. Each CPU has it own fast cache and also local 
memory not accessible by the other CPUs. A hierarchical virtual memory management 
arrangement for this system employs demand paging to keep the most-used data in the 
local memory, page-swapping with the global memory. Page swapping with disk 
memory is through the global memory; the global memory is used as a disk buffer and 
also to hold pages likely to be needed for loading to local memory. The operating system 
kernel is kept in local memory. A private- write area is included in the shared memory 
space in the memory modules to allow functions such as software voting of state 
information unique to CPUs. All CPUs write state information to their private-write area, 
then all CPUs read all the private-write areas for functions such as detecting differences 
in interrupt cause or the like. 
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Abstract 

A computer system in a fault-tolerant configuration employs three identical CPUs 
executing the same instruction stream, with two identical, self-checking memory modules 
storing duplicates of the same data. Memory references by the three CPUs are made by 
three separate busses connected to three separate ports of each of the two memory 
modules. The three CPUs are loosely synchronized, as by detecting events such as 
memory references and stalling any CPU ahead of others until all executed the function 
simultaneously; interrupts can be synchronized by ensuring that all three CPUs 
implement the interrupt at the same point in their instruction stream. Memory references 
via the separate CPU-to-memory busses are voted at the three separate ports of each of 
the memory modules. I/O functions are implemented using two identical I/O busses, each 
of which is separately coupled to only one of the memory modules. A number of I/O 
processors are coupled to both I/O busses. Each CPU has it own fast cache and also local 
memory not accessible by the other CPUs. A hierarchical virtual memory management 
arrangement for this system employs demand paging to keep the most-used data in the 
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local memory, page-swapping with the global memory. Page swapping with disk 
memory is through the global memory; the global memory is used as a disk buffer and 
also to hold pages likely to be needed for loading to local memory. The operating system 
kernel is kept in local memory. A private-write area is included in the shared memory 
space in the memory modules to allow functions such as software voting of state 
information unique to CPUs. All CPUs write state information to their private-write area, 
then all CPUs read all the private-write areas for functions such as detecting differences 
in interrupt cause or the like. 
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